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1Design of a Hydro-Electric Power Plant on The
White Salmon River, Washington.
Introduction.
The electric industry has made tremendous progress in the
twenty odd years since it was born--  progress much more rapid
than that made by the steam engine a century ago.
The development of water power is an economic necessity.
The stock of coal is being rapidly depleted and the cost of 
steam power is increasing accordingly. Industrial growth, 
as a consequence, will cease if cheap power is not available.
A few years ago the use of water power was limited to the 
immediate locality where it was developed, but it is becoming 
recognized that with properly organized companies and with 
plants suitably planned the benefits of hydro-electric power 
may be supplied at reasonable cost even in sparsely settled 
regions. How an electric plant can serve the industrial 
needs of an area within a radious of 200 miles or more since 
the development of high tension power transmission.
The factors that govern power development are three:-
1 The volume of water available,
2 The fall through which this water can be utilize^
3 The market for the power when developed.
A study these factors are necessary, in order to ascertain 
whether the proposition will be a paying one.
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PART 1 
The Market.
The requirements of power consumers are by no means uniform.
They vary from hour to hour, from day to day, and from season 
to season . This requires that a' certain reserve be
maintained at all times to meet "Peak loads" during the day 
and for regular and extraordinary demands that arise from 
time to time. There are, however, several ways by which 
the possible amount of consumption of electrical power may 
be obtained.
Electrical power finds its market in the following 
fields:
1 Lighting service,
2 Industrial service,
3 Traction .
Analysis of the power market.
The following information concerning power requirements 
in the prospective towns, and villages has been obtained:
In order to determine a growth of population in the 
territory and also to design the power plant large enough to 
meet for this growth, a graph is plotted as shown in plate no.
1. The ordinate is the population, and the U.S. census
year the abscissa. By means of this graph the growth
of each town and consequently ( assuming the power consumption 
is proportional to the increase of population ) the power 
consumption in 1930 is determined.
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6Load curve.
From the information in above invention of power market 
a load curve at switch board is plotted- ( Plate 2 ).
Although the load curve itself will vary from day to day as 
the various demands for power vary, yet the characteristic of 
the load curve, due to certain demands, can be quite safely 
predicted.
It is manifest that no plant will receive its maximum 
returns without operating at full load all of the time.
On every plant the fixed charges, which include interest on 
first cost, depreciation charges, and taxes, continue at a 
uniform rate every hour of the day and every day of the year. 
It will be noted at once that if a machine can be operated 
at its full capacity for the entire time, that the work done 
under the most economical conditions as far as each unit of 
output is concerned.
Load factor.
The ratio of the average to the maximum load is called 
"load factor” .
In order to have a plant work at the maximum advantage, 
it must be designed to fit the contingencies of the load.
The operation of a machine at partial load is not only expens­
ive on the basis of fixed charges, but is still more so on 
account of the decreased efficiency under.such conditions.
Prom the load curve, we have for the load factor:
Average Load.
Load Factor=  --------------------
Max. Output Lo ad.
Winter Load Factor * 2 — & 0 .2 S %
2,00 O
2 ,0 0 0
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PART 2 .
Water Power Development.
The investigation of markets and the consequent estimated 
load curve shows that for this project a water power to 
produce electrical energy of 2,OCX) K.W. is required. With 
this figure in mind, the flow of stream of the White Salmon 
River is investigated.
Plow of stream.
General consideration: All streams derive their supply
ultimately from the rainfall, and in general, the amount of 
the run-off is equal to the rainfall less the evaporation.
It follows, therefore that variation in rainfall from year 
to year is reflected in a general way hy variation in stream 
flow; hut local conditions-temperature, topography, vegetation, 
forest, and soil- govern the exact relation between rainfall 
and stream flow to such an extent that only the more prominent 
fluctuations of rainfall are apparent in the runoff.
It is a common practice among engineers, when gagings 
are not to he had, or where they are very limited, to make 
estimates of stream discharge from precipitation data , or, 
from comparison with other streamswhose flows are known, 
taking into account as far as may he the differences in the 
rainfall, the climate, and the other various characteristics 
of the different water-sheds.
Determination of Discharge of the WHITE SALMON RIVER.
In determining the discharge of the White Salmon River the 
plan outlined above has heen followed, except that the record 
of only the summer flow for 1909 was available instead of
1 0
the record of a series of years.
The streams compared are Columbia River and Willamette 
River. In this region all rain comes from the Pacific Ocean 
and the characteristics of the water-shed, especially that of 
the latter stream are very similar to those of the River under 
consideration the/ former being the trunk river of the White 
Salmon . It is worth while to describe the water-sheds 
before going into the main discussion.
Columbia River Drainage Basin.
The Columbia River has its source in Columbia Lake, in the
eastern division of the Kootenai district, in British Columbia.
The total drainage area of the Columbia is estimated to be
259,000 square miles, divided as follows:
Area of Columbia River Drainage Basin.
Square Miles.
Oregon--------------------     -55,570
Washington---------- - - - ---------------- 48,000
Idaho----------------  '---81,380
Montana-------------- - ------------------- 25,000
Nevada-----------------    5,280
Wyoming------------------------------  5,270
British Columbia-------------------------38 f 700
This area is limited on the east by the Rocky Mountains 
and is traversed north and South by the Cascade and Coast 
ranges. Between the mountain ranges are rolling, rough, and 
mountainous table lands.
Principal Tributaries of Columbia River.
Prom the west and north From the east and south.
Fettle River. Kootenai River.
II
Sanpoil River. Clark Fork.
Okanogan River. Colville River.
Methow River. Spokane River.
Chelan River. Snake River.
Entiat River. Walla Walla River
Wenatchee River. Umatilla River.
Yakima River. Willow River.
Klickitat River. John Day River.
White Salmon River. Deschutes River.
Lewis River. Hood River.
Kalama River. Willamette River.
Cowlitz River. Clatskanie River.
The area drained "by the Columbia includes perhaps the 
largest consolidated area of forests in the world.
The rainfall is distributed over the area most irregulaly. 
From the Pacific coast eastward to the summit of the Coast 
Range the mean annual rainfall varies from 100 to 150 inches.
In the basins between the Coast and Cascade range^ it drops to 
about 40 inches per annum. It increases again to about 100 
inches on the summit of the Cascade Range, and decreases very 
rapidly beyond the summit, until at the eastern base of the 
Cascade it has dropped to about 14 inches. At the mouth of 
Snake River the mean annual rainfall is about 9 inches.
Beyond this point the rainfall again increases in Washington 
and northern Idaho to about 20 inches, while in eastern Oregon 
it continues at about 9 inches or less. In the eastern areas 
a large proportion of precipitation appears as snow, and during 
the winter months the streams are more or less icebound.
West of the Cascade Range, however, the winter stream flow is
12
not affected by ice.
The highest recorded flood in the Columbia occured in 
June, 1894. The highest floods on the tributaries are in­
variably caused by the "Chinook"--a warm wind, usually ac­
companied by rain, occuring in the spring and fall. The fall 
"Chinook" usually during highest waters, as it may occur 
immediately after a heavy snow has covered the mountain ranges. 
The Columbia itself is not greatly affected at such times.
Willamette River Drainage Basin.
The Willamette River drains a trough shaped area, extending 
north and south between theCoast and Cascade ranges in Oregon. 
The area is roughly rectangular, approximately 230 miles in 
length and about 85 miles in width.
Prom the summit of the mountain ranges the slopes are 
steep, but they merge gradually into a wide alluvial valley 
or into gently, rolling agricultural lands.
The entire drainage area of this river was originally 
primeval forest, and although considerable areas in the valley 
have been cleared for agriculture the area may still be 
considered densely forested. The portions of the basin that 
contribute most to the flow of the streams are almost entirely 
within the boundaries of the national forests, while the 
privately owned timber lands extend from the boundaries of 
the national forests to the main stream in the valley, except 
where lands have been cleared . Thus whatever beneficial 
influence the original forest may have exerted on the regulat­
ion of stream flow, its effect is still in evidence, as the
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water producing portions of the area have not been disturbed.
The mean annual rainfall presents some rather pectiliar features.
Although precipitation records at the summit of the Coast
Range are meager, it is likely that the total annual rainfall
is as much as 150 inches. As the eastern slope of the Coast
Range is descended, precipitation falls very rapidly to about
40 inches, but gradually increases again until at the summit
of the Cascade Range it is approximately 100 inches annually.
At the mouth of the river the precipitation is approximately 50
inches, which gradually decreases to about 40 inches in the
«
vicinity of Corvallis. On the mountain ranges part of the 
precipitation is snowfall, and the country is subject during 
the spring and fall tothewarm Chinook wind, accompanied by rather 
sudden melting of these snows, which frequently causes consider­
able damage from floods.
The highest known flood in the Willamette Valley occured 
December 1861. The highest gage reading at Portland since 
that date occurred in 1894, but was due to back water from 
Columbia River.
White Salmon River Drainage Basin.
The White Salmon River has its source in three glaciers on the 
west side of Mount Adams. The largest of these is White Salmon
Glacier and to the south Avalanche Glacier, and to the north
/
of this lies Pinnacle Glacier. The river flows southward and 
empties its waters into Columbia River at the town of Under­
wood. The source and mouth of the river lie on the same 
meridian. The river has a total length of 38.5 miles and a 
total drainage area of 352 square miles. The plate no.
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is a map of this drainage area .
Trout Creek is the principal tributary. It drains the 
high spurs and secondary peaks to the southwest of Mount Adams, 
flows in a south-easterly direction, and empties into the 
White Salmon near Trout Lake post office. Three small 
creeks-- Big Spring Creek from the west and Gilmer and Rattle­
snake creeks from the east --  empty into river below Trout
Creek in the vicinity of Husum. Gotchen Creek, the princip­
al tributary above Trout Creek, drains the high spurs to the 
southeast of Mount Adams.
The drainage area of the White Salmon River is distributed 
as follows:-
* Square Miles.
Above the mouth of Trout Creek------ 84
Below the mouth of Gilmer Creek  290
At Husum-------     300
At Underwood-----------------------  352
Trout Creek--- ------------------    85
The prominent topographic feature of the area is Mount 
Adams ( Plate Ho. 5.) and the spurs and secondary peaks that 
surround it. These peaks crown the boundary lines of the 
drainage area, which is roughly V-shaped with Mount Adams at the 
apex. On the west Steamboat Mountain ( at an elevation of
4,600 ft.), the Castle ( 5,100 ft.), and Old Huckleberry
(5,200 ft.) stand like sentinels on the summit of the divide. 
South Butte ( 7,790 ft.), Snow Plow ( 5,700 ft.), Snipes Mount­
ain ( 4,800 ft.), King Mountain ( 4,710 ft.) , and Snow Mount­
ain ( 3,620 ft.) prominently mark the eastern boundary.
The basin is therefore roughly trough shaped with several
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Smaller peaks within it. The topography is bold and picture­
sque. The streams flow in deep canyons on beds of bowlders, 
with here and there ledges of basalt or stretches of box canyons 
that have vertical jagged sides and solid beds.
The whole drainage basin is covered with lava and basalt, 
in which the canyons have been carved. Near Mount Adams 
many cinder cones and bombs give evidence of recent volcanic 
activity. Red Butte, 3 miles northeast of Mount Adams, has
an elevation of 7,203 feet. The cone is 500 feet high, with
a crater 175 feet in diameter and 75 feet deep. Much of the 
pumice, scoria, and lava from these cones is highly colored, and 
volcanic glass is found in various shades from black masses to 
transparent globules. The bombs on the lower slopes of Mount 
Adams are rough spherical masses of lava, of homogeneous texturet 
Rear the headwaters are large areas of partly exposed lava beds. 
A line of caves may be traced along this formation for 20 miles 
or more. In some places the caves have been formed by the 
Liquid mass flowing from under a solidified crust; in others 
they may have resulted from the action of gases and are in 
effect huge bubbles. One of these in Sec. 25, T. 6N., R. 9 
E. is widely known as the Ice Cave. The temperature is so 
low that water accumulating and freezing during winter does not 
thaw out during the following summer. The ice is found in 
masses on the floor and dips through crevices in the roof.
These form during the winter and are partly melted during the 
summer. The area in which these caves lie is drained by small 
intermittent water courses in which the water sinks at many 
points. It is likely that much of the surface water finds 
its way deep into these lava beds, emerging into lower
P L A T E  N O .  £>.
B. LOG DRIVING ON WHITE SALMON RIVER NEAR HUSUM 
GAGING STATION.
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portions of the White Salmon River.
The main river flows in a deep canyon whose sides are 
"bordered hy heavily rolling table-lands or mountains. Prom 
a point 3 miles below Trout Creek to a point 2.5 miles above 
Husum the river flows in a narrow box canyon. This has been
cut squarely into the basalts and the recent lava flows that 
have overspread them. The canyon is about 11 miles long and 
nearly every part of it would afford a favorable site for a 
dam. Trout Creek, on the other hand, is essentially a
surface stream below Trout Lake. The banks are bordered by 
fairly level stretches of open meadows, and agricultural land.
The north line of T. 6N. forms the southern boundary of 
the. Columbia National Porest. Logging operations have been 
carried on for years in this drainage area, for the most part 
on lands adjacent to the river ( Plate No. 6). The entire 
drainage area is heavily forested except where cleared for 
agriculture. Within the national forest the timbered area 
constitutes 73 percent of the total , 26 percent is burned, 
and I percent is above timber line. The timber is red or 
yellow fir and yellow' pine. The stand of timber within
the national forest is about as follows :-
Percent.0 to 2,000 feet b.m.per acre---------------- 18
2.000 to 5,000 feet b. m. per acre--------- 30
5.000 to 10,000 " " " " ------------- 40
10.000 to 25,000 " " " »--------------- 8
/
25.000 to 50,000 " " " "--------------- 4
There are no railroads in the drainage area except the 
Spokane, Portland and Seattle Railway which crosses the river
17
at its mouth in its course along the right bank of Columbia 
River. The principal towns are Underwood and White Salmon 
( Plate No, 3 ), the latter being on the high table-land east 
of the river near the mouth . ^usun post office is near 
the mouth of Trout Creek, on the east side of the river , and 
Guler is on Trout Creek near the outlet of Trout Creek.
Good wagon roads and stage lines connect all the towns.
The upper portion of this area is a favorite summer resort, 
and man;- campers will be found around Trout Lake and Guler in 
the summer.
The rolling benches along the lower part of the river 
have been cleared for agriculture . Most of these lands are 
in orchards and the territory has become justly famous for the 
excellent quality of its apples and other fruits. In T. 6N. 
the lands along the river are comparatively flat and some of 
them were natural meadows. These open lands, have been 
en larged by clearing the timber around them and the whole 
valley presents a delightful picture of prosperity. In this 
portion of the valley irrigation is practiced extensively.
The water for the ditches is diverted from Trout Creek and the 
White Salmon River. These ditches are small but numerous 
and they furnish an abundant supply of water.
Co far as known, the basin affords no large reservoir 
sites. Trout Lake is the only flat area that would be
suitable, but the outlet is a broad valley and no favorable
/
dam sites are found. Most of the water runs off during the 
spring, exposing the lake bed as a marshy flat. A small 
amount of storage might be developed at steamboat Lake near
18
the headwaters of Trout Creek.
Owing to the porous lava rocks of which the area is com­
posed and the soil resulting from its disintegration, a large 
amount of water is held in ground storage. Springs are
numerous along the river and seepage into it is large. Most 
of the summer flow, however, is supplied by glaciers on Mount 
Adams. Above Trout Creek, White Salmon River has its lowest
discharge during cold weather , while on hot summer days the 
discharge is high and the water is heavily loaded with glacial 
silt. Trout Creek, on the other hand, has its lowest period 
at the end of the summer season. During the winter months 
the discharge is relatively high from surface drainage from 
the large area through which it flows. The two streams, 
therefore, maintain a well balanced flow during the year.
Floods occur during heavy rains when accompanied by Chinook 
winds, which suddenly melt the snow on the hills. The
heaviest floods are likely*occur in autumnafter an early snow­
fall. A flood from this cause of greater or less magnitude 
may be expected about the middle of each November and at other 
times during the winter months. Spring floods occur period­
ically , but are rarely so severe as the fall flood and are 
not so sudden. These result- from the more gradual melting
of snow in the mountains as warm weather approaches. This
/
melting is arrested at night , with the result that the stream
shows daily variations of considerable magnitude.
/
No dischargedaf-o are/available except those obtained during 
the summer of 1909. ( Plate No. 7  )
PL/JT£  y
D a ily  Ga<y& H & K jhf^ /n  J -e& f a n d  /n  Sec,.,
o f  N H I T E  3 / 7 L M O N  K l V E P  of -for /SOS.
<5ep L O c f N ov. O e c .
D a y. (jage/DigDD /Zisch.
Gaae-
/-/■■?/,/-. Oisch.
(Sage Disc/?. Oacfe- /-/JO 4 (7isch.
/ 2.3<2 5/0 3,12 6 52 5.95
2 3.00 5 8 5 4 1 /2 9 o 5JO
3 3.00 5 3 5 59o 4 %0 /ICC
4- 3.10 640 6,20 4 .65
5 3,iO 640 4 .2 f /  350 4 .4 5
<8 7 ,<70 5 3 5 3J o / c / v 4.23 '3 8 0
7 2.50 535 3.30 3 3 5 4 . 20 /3 3 c
S 3. 00 585 3.92 390 4-JZ / 27c
7 2 4 5 560 3. 70 /.o /c 4.0/ / 2 CC
/O 3. o f (?/2- 3.6c 950 3.fS /  /  2 C
n 3  08 6 2 9 3.45 8 5 5 3.96 / /  OO
/a 300 5 8 5 3.30 150 4 J 6 /2 3 c
/3 2 90 5 3 5 3.H 105 4. 60 >5 9/>
/ 4 2 ^ 0 5 3 5 3.2 0 yc 0 4 .4 5 /4XC
/5 2 .9 5 560 3 / 8 6 8 4 4 .2 0 /  320
H 3.0 3 6C2 3j 5 bit? 4J 2 '2  9c
'7 3.00 5 8  5 l/f & (2O 4 /o /250
/ x 3.00 5 8 5 3 4 5 / / ? o 4.06 62.35
/ 9 3oo 5 8 5 6.35 4.03 /2 20
2 c? 3.05 6/2 6.80 4.02 Z2 /,
z r 3./o 64 0 4. /7 6 o 4:cc d2 oc
22- 3 oo 5 8 5 f.2 f ,7 7  c 3.70 / /5~0
2 3 3.0 5 6/2 9- 3 a 3.7c / ' S o
2 4 3.10 6,40 3.08 629 5.65 3.90 " 5 c
2 ? 3./o 6 4 0 3.06 6 /8 5 5 c 3 88 /  '4 o
2 (p 3.c<7 6 /3 3.00 5 8 5 5.20 /9 & c 3 .8 5 //00
27 3. CO 525 2.32 5 4 5 4 .8 <2 /  2 co 3 .8 3 ' O f f
2 3 3.10 64-0 2 .5 6 5 6 5 4.7.5 /  <olO 3.8c /o  Jo
2 4 3.C5 6<2 J 12 6>5> 5.25 /9 7 0 3.75 ' Oj o
3 c 3.25 522 3JO 64 0 7- 30 3.85 //c?0
3! 3 '3 6 6 4 3 .85 / /  00
P
L
A
T
E
PLATE NO.
IRRIGATION DITCHES IN WHITE SALMON RIVER DRAINAGE
BASIN .
Diverting Water Prom White Salmon River.
n#rne o f  Di’Lc Aj l o c a f  on oA hecta/- Bank o f5~/fearn .
Mppro* . 
Ce?f>+ c/Ay
Cor if /S ec  .
N ajn lf~j i  S „ . 3.T. /?;rA h 3
N N  .-if. See./f J- 6M 0 L
Coct/s an4/  Ocrnc&n M0 L*f / - / o
/VE i S , * .  ?/,~  CEJO M0 r
fc^rs-on M O Jo r
H u U r s £ .  iScc. • s - t T  6 , 3
COCt / S" &r>d &r-o . S£. i s * * .  j 4 ; I -6 /P ./0 i-c-f/-. 3
Tr&uA Lake*' Mtf. i r « ,  3 /, 77 (>./?.// Jo 2 f
Diverting V/ater Prom Trout Creek.
Me Po n<* fd rJ.E. -*r Sec.2,Tr i?;jhh
fears on - (Aor*^pS*n Mo Jo 1
19
Conclusion of the discharge of the White Salmon River.
By combining the rainfall data at Portland and Port Vanco­
uver a 57 year record of rainfall has been obtained. A 
record of 30 years is available at Cascade Locks, one of 25 
years at Hood River, andoneof46years at The Dalles. These
are the only stations of value in the vicinity of the region 
under consideration.
The mean annual rainfall for the climatic year at Portland 
is 42.3 inches, for Cascade Locks 77.9inch.es, for Hood River 
35.9 inches, and for The Dalles 16.8 inches. The rainfall 
for each year for each station represented in percent­
ages has been averaged. The result is called the percent 
rainfall for Columbia River Gap.
Rainfall and other climatic phenomena undoubtedly recur 
in cycles. In the present case the percent rainfall curve 
for Columbia River Gap has been smoothed by the formula:
R'= -fo ( a+ 2b + 4c + 2d + e ),
Where c = The rainfall for any one year.
" " the preceding year.
" " the next preceding year
" the following 
" the next following 
R'= Cycle value for the year c.
This curve is shown in plate no.io. for both the percent rain­
fall for Columbia River Gap, and Portland record in inches.
The actual record, by years, for Portland is also shown by a 
dotted line.
The next question is to determine how closely river
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discharge may be expected to follow variation in rainfall.
Two features will be considered:-
1 The annual yield of a drainage area.
2 The minimum flow.
The annual discharge for the Columbia and the Willamette
rivers has been reduced to equivalent inches of rainfall over
thair respective drainage area. The results are plotted in
plate no. n . On the same diagram is shown the percent
rainfall for Columbia River Gap, as explained on page 19, and
the climatic year has been used.
%
The general parallelism of the rainfall and runoff curves 
is very striking particularly in those, of the Columbia River. 
Annual Yield and Minimum Flow.
In order to bring out the relative variation between the 
annual yield and the minimum rate of flow, plate no.iE has 
been prepared. In this plate the black bars represent the 
percentage variation for each year of the mean annual flow, 
from the average of the years comprising the record. The 
climatic year has been used. The red bars represent in the 
same manner the percentage variation of the mean discharge for 
the lowest week from the average of all years comprising the 
record. The preceding tables must be consulted for actual 
values, for only the relative yearly variation are depicted in 
the diagram.
At the bottom of the diagram are shown the annual variat­
ions in rainfall for the stations at Portland , CascadeLocks, 
Hood River, and The Dalles. The rainfall for each year at 
each station is first expressed in percentage of the mean 
annual rainfall for that station. These percentages are
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then averaged for the several stations. These are shown
as black bars. In the same manner the percentage variation
of rainfall during the month of August and September for each 
year at Portland, Cascade Locks, Hood River, and The Dalles 
stations is shown by the red bars. The amount the bars 
exceed or fall short of 100 percent indicates the variation 
from the normal.
The year 1905 was a very dry year and was followed by 
another one in which the precipitation was even less, but the 
stream discharge did not fall quite so low. The year 1909 
also was a very dry year, almost on a parallel with 1905. 
Segregating the results for these three dry years , we find the 
following variation
Variation in Percentage of Annual Discharge and
Rainfall from the Average.
T/\ B L E  NO. I. 
Hame of River
Discharge: length of- /?<£><? arc/ C yec/ns ) 19 0 ^ /90<S 7909
Columbia River 3 / - 3 3 — 32 -  / 7
Y/illamette River /3 - 3 3 - 2 7 -  14
Deschutes River S -  8
John Day River s - Za -f3 -  2 ^
Umatilla River 9 - 3 - 4 -  25"
Naches River s - 3 -  s -  37
Tieton River 7 - / 7 -  31 - / 8
Methow River / £ +7 - - / 4
Spokane River /  z -  so -  33
Clark Pork £ -  4- / -  3 S ■+ / o
Ceder River /o — Z S -  2 / - / £
<z f / -fa-/-/ on 7T7 -  /  3 - 2 7 -  3 L
---- ------* ------“-- 2~2"----- ---~~-- ----- — -----------
From the table of the preceding page, the precipitation 
in 1909 was 31 percent below the average for 57 years.
The lowest year for the period was 1866, when the precipitation 
was 60 percent below the normal, followed by 1867 with a 
precipitation 53 percent below the normal. ( Table Ho. I. )
The accuracy of these records, however, is in considerable 
doubt. As regards precipitation and run off from the large
rivers of the Porth-West ., the condition in 1909 resulted in 
severe water shortage.
We will now segregate the weekly minimum dischage and 
summer rainfall for these years
Variation in Percentage of Weekly Minimum Discharge 
and Summer Rainfall from the Average.
T A B L E  NO. 2
Name of River Leng-hh ofPecord
c y<p<=* r'TS') 1 9 0 5 1 9  O  S ( 9 0 9
Discharge :
Columbia River 3 1 -  i a -  7
Willamette River J 9 ~  1 S> -  Q 1 - I
Deschutes River 6 —  4 - -  T
John Day River 5 - 3  3 +  l 8
. Umatilla River lo -  ^ 5 “ - 3  9
Haches River 6 t 3 -t- 9 - S
Tieton River 8 - 7 -  / 9 - 3 0
Methow River 7 -h / 1 -  9 -  I 5
Spokane River 1 1 -  3  I
Clark Pork - 3 3 —  Z Z
Summer rainfall 3  1 +  ' 7 -  3 7
The figure for 1909 is particularly signicant. The 
rainfall during August and September is seen to be 37 percent
It should "be remembered
------------------------- — 2y -
below the average for 31 years, 
also that during the five to ten years comprising these records 
three exceedingly low years are included. It follows there­
fore that the average for the period of record is low, and as 
this average is used to determine the relative yearly variations 
it must be covered that the low-water conditions in 1909 are 
more severe than would at first appear from the above table.
It would be conservative to use the mean discharge for 
the lowest week in 1909 , Obtained by current meter measure­
ment and records of gage hight as the minimum discharges for 
that particular point on the stream. ( Plate Nos.7& 8 )
The Maximum or Plood Plow.
It is impossible to determine flood discharge with any 
degree of accuracy without actual gagings. The maximum rate 
of flow depends on the maximum rate of rainfall, the temperat­
ures, the quantity of water stored as ice or snow at the time, 
the condition of the ground at the time of snowfall, the physi­
cal nature of the soil, the topography, the vegetation, the 
times of maximum rainfall and snow melting on tributary portions 
of the drainage area and the resultant'combinations these will 
produce, and a multitude of other factors, all of which are 
practically unknown and almost indeterminable.
In the absence of the actual data , it is necessary to 
make a tentative estimate of the probable maximum discharge 
for preliminary study and design.
In order that such estimate can be made within reasonable 
limits, Mr. Knichling’s formula for flood discharge is plot­
ted in plate no. 14-. and actual measurement of the several 
streams in the Cascade Range are also plotted in the diagram.
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As seen from the diagram that actual flood measurement of the 
several streams in the Cascade Range falls within the margin 
of the smooth curve of Mr. Knichling's proposed formula, except­
ing three cases among seventeen measurements, where these three 
cases are not seriously above the margin of the curve.
The flood discharge of the White Salmon River at Husum , 
Washington, therefore, may be determined by means of this 
formula:- Mr. Knichling*s formula is
44000
q =  ---------  + 20
M + 170
q =  Maximum rate of discharge cubic ft. per sec. 
per square mile.
M =  Area of discharge basin in square miles.
Substituting the value of drainage area at the proposed dam 
site ( near Husum ) of the White Salmon River in the formula, 
we have the maximum rate of discharge ( q ) as 300 cubic ft. 
per second per square mile . Hence the drainage area at
that section being 50o square miles, the total maximum- 
discharge at that section is
Cub. ft. / sec.
300 X 114 =  34,200 
Determination of the Flood Level.
Having the value of flood discharge and the cross section 
of the proposed site for dam, the following table is calculated 
by means of equation
q =  V x a =  a x cV r s.
/
Where Q = Discharge in cubic feet per second.
a = Cross sectional area in square foot. ('Plate no. 16.) 
c = Velocity coefficient, 
r = Hydraulic radius.
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s Hydraulic slope.
V Velocity in feet per second.
For actual gage reading at low discharge the value of velocity 
coefficient ( c ) as calculated is about 20, but as a rule 
the value of c will increase with increase of discharge this 
is true especially in a rocky riversuch as thal under consider- 
tion. For this reason in this calculation the value of c 
is assumed as 40 . The value of hydraulic slope ( s )
obtained from the profile ( See, Plate Ho. 1s. ), is about 
0.006 .
Gage Eight 3.12 20 30 35
Area Sq. ft. 249 2,250 4,000 5,125
P ft. 93 155 218 232
r ft. 2.68 14.5 18.35 22.1
r x s 0.01605 0.087 O.II 0.1325
V~v s 0.1266 0.295 0.331 0.364
V =  c V r x s 2.5 II.8 13.24 14.56
Q, 622 26,560 53,000 74,600
A graph is plotted by using this result ( See, Part 7. Plate 
Ho. 4-Q )on which the ordinates represent the gage height in 
feet and the abscissas the discharge in cubic feet per se­
cond. The flood level is determ ined from this graph as
23.5 feet in the gage height.
Power of the Stream.
A hydrograph at the proposed section of the dam site is 
constructed from the observed data of daily discharge in the 
summer 1909, , in order that from the hydrograph a study 
of the stream flow and its influence on water power be made.
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The ordinate is the daily flow in cubic feet per
square mile per second at the point of observation and the 
element of time the abscissa . ( See, Plate Ho. >7. )
The result is a graphical diagram which shows the character 
and extent of the daily fluctuations in the flow of the stream 
at the i?oint of observation during the period for which the 
hydrograph has been prepared.
The hydrograph , by a simple change in the vertical scale ,
may be made to show graphically the variations in the power of
the stream. Assuming the proposed plant has a constant
fall of 135 feet , the theoretical hyraulic horse power is
then as follows
Q, * Drainage Area x Head
H. P.= -------------------------
8 .8
Q, —  Discharge cubic feet per second per square mile.
On account of losses due to the power development , the
full theoretical power of the stream cannot be developed, and
therefore assuming a loss of 30 percent of the useful power of
the stream , an avaiable horse power may be developed t-
Q, x Drainage Area x Head x .70
A. H. P . =  ---------------- ---------- _ ---
8 .8
For a. discharge of 1 cubic foot per second per square mile at 
the proposed dam site, ( See, Plate No. 1 7. ) we have
I x 300 x 135 x .70
A. H. P. =  ------------- ------  = 3 , 2 2 0
8 .8
The value of horse power-thatcan be developed is recorded by
the vertical scale according to the discharge on the hydro-
t tgraph. And we find from the graph that the minimum power that
can be obtained from the stream is about 4,830 horse power
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under the head of 135 feet.
As we described in part I of this hook , the approx­
imate power demand for our enterprise is about 2,000kilo watts 
of electric energy at its winter peak load . ( See, Plate Ho.
2 )
Prom the careful investigation of the stream we have 
learned that the stream can furnish the required water power 
eventhe lowest discharge , with a good deal of margin.
V/e are now, therefore, ready to find out the exact power 
consumption or in other words to find out losses due
to the mechanical , electrical, and hydraulical development.
As matter of order the transmission system will be described 
and discussed in the next part.
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PART 3 .
Transmission Line .
Transmission system.
The general map of transmission system shows the extent
of the transmission system to be constructed. There are
95.5 miles of line sectionalized as shown in the table below
nomenclature of Sections Miles Circuits
No. I Power plant to 
Goldendale 52 I
Ho. 2 Power Plant to 
The Dalles 23 I
Ho, 3 Power Plant to
Stevenson & includ- 20.5 2
ing to Husum
It will he noted that while two circuits are erected in 
the section no. 3 , only one circuit is erected through out 
the rest of the system. The reason for this is apparent 
upon examination of the general plan of the system. All 
the sections, except section no. 3 , are on the loop circuit 
and as a result majr be served from tie central station in either 
direction around the loop.
Transmission Conductors.
General Consideration.
When a system of conductors is to be designed there are 
at least eight points that must be considered
1 Conductors must be so proportioned as to be within
safe heating limits./.
2 Conductors must be so.proportioned as to be mechanically 
strong;
3 Conductors may be designed for minimum first cost of
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line construction ;
(
4 Conductors may be planned for minimum first cost of 
central station ;
5 Conductors may be designed for minimum first cost of 
operation and maintenance ;
6 Conductors may be designed for min. total installation 
cost ;
7 Conductors may be designed to secure to the customer 
certain predetermined service conditions.
8 Conductors may be calculated to attain a maximum 
income with a minimum cost.
The foregoing conditions are in many respects incompati­
ble and therefore cannot all be realized in any one plant.
The plant in question , therefore is designed for most 
economical size of conductors for constant voltage system with 
distributed loads.
The voltages for the sections Nos. I & 2 are decided to 
be 33,000 volts, and for the section no. 3 is to be 6,6oo 
volts . Now from the inventory, we have found the electrical 
energy to be delivered at each town. The results are tabulat­
ed on the plate no. 19 . II the/ known items and other
conditions on the line are also tabulated on the same plate. 
Determination of the size.of conductors .
When it is desired to reduce the size of a pair of service
mains in steps so as to secure the greatest economy of copper,
/
the size of each portion of the mains is determined as follow:
Assuming the total drop to be allowed out to the end of the 
line , the factor (s)is calculated from the equation :-
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3 x 10.8 x ( aV^7+ b n/Tz+ c /T3+ ---)
s — ------------------ ------------ 1—  -------
Total drop in volts
Where a, b, c, --  are the length in feet of the respective
portions of the pair of mains, and i, i, i^, --- are the current 
in amperes in the respective portions . The sectional areas 
of the mains in circular mils are then equal to s , s V~i" ,I 2L
■ / v  - -  respectively .
On the plate no . 1 9  we have all figures for the calculation 
of the value of s, and substituting these figures into the 
equation :-
For the section no. I .
32.4 x 5280 x ( 19.5 x 3.53 + 20 x 3.67 + 1.5 x 3 .88)
s =
33,000 x 0.05
=  22 ,100
Then the size of wire for the section no. I .
Cir. Mils.
22.100 x 3.88 =  86,000 ( Plant to Underwood )
B & S # 0  wire is to be used.
Cir. Mils.
22.100 x 3.67 =  81,000
and
Cir. Mils.
22,100 X 3.53 =  77,900
B & S # I wire is decided to be used between from Plant 
to Goldendale .
For the section jjo. 2 .
3 x 10.8 x ( 10 x 4.51 + 9 x 4.9 + 5 x 5.55 )s =  ------------------------------------------------
33,000 x 0.05
/
=  12,150
From Plant to Hood River
12,150 x 5.55 =  67,500 Cir . Mils .
From Hood River to Hosier
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12.150 x 4.9 =  59,500 Cir. Mils.
Prom Hosier to The Dalles
12.150 x 4.51 =  54,800 Cir. Mils.
The sizes of wires are increased one number respectively from 
the sizes obtained from the above calculation , for the reason 
of mechanical strength. We have , therefore ;
Prom Plant to Hood River B. & S. # I Wire 
Prom Hood River to Hosier B. & S. # 2  Wire,
Prom Hosier to The Dalles B. & S. # 2  Wire .
Por the section no. 3
3 x 10.8 x 5,280 x ( II.5 x 13.4 + 8 x 10.3 )
s =  ---------------------------------------------------
6,600x 0.1
=  17,620
Por this section 10 fo voltage drop allowed. Then the 
sizes of wires to be used for this section are :- 
Prom Plant to Collins
17.600 x 3.66 =  64,500 Cir. Mils.
B. & S. # 2 Wire .
Prom Collins to Stevenson
17.600 x 3.21 =  56,500 Cir. Mils.
B. ScS. # 2  Wire .
Determination of the Spacing of the Conductors .
The spacing of conductors depends on the voltage and the 
length of the spans. The increase in spacing increases the 
inductive drop, and also the line loss. There are no fixed
rules established for the spacing of conductors .
However , from the consideration of the first two 
factors the spacing of conductors for this trasmission system 
has been taken as follows
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Tor 33,000 volts line 60 inches.
For 6,600 volts line 36 inches.
Calculation of Necessary Voltage at Sending and Receiving Ends.
( See Plates No. zo & zi.)
The charging and Corona effect on the transmission system is 
neglected throughout this calculation, since the both effects 
will be negligibly snail.
Transposition of the Conductors.
Excessive inductive effect can be counter acted by 
transposing the conductors. In the final transposition the 
phases must occupy the same relative position as at the 
beginning. This arrangement is shown diagrametrically
below.
4 = lo+a/ AS n c e .
Table of Physical and Electrical Constants 
of Copper Wire Calculated for Matthlessen 
Standard.Wire At 60 degrees E. for 
Transmission Line Calculation
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1 3 6 a 6^4- O .-xq ) S' /, * * r
z o r  i"JG 6 0 o.% 0% A V  7
2- 0.%S"](o £63? 3 3 (o o.% o % <5.2*7 ?3 h ° s 7
The figures in this table are used for the calculation 
of transmission line on the plates nos. 2 0 & zi .
Pole Line and Accessories.
Economical spans.
In laying out a transmission line it is of foremost 
importance first, to find out the most economical span, that 
is, after the size of the conductors has "been calculated.
The consideration of economical sizes of conductors were found 
and for these conductors the spans are to "be 250 feet for 
# I B. Sc S. and 210 feet for # 2 B. S.
Line stress.
The spans have "been determined and now we should have the 
sags due to these spans. When a wire is suspended between 
two supports it takes a curve known as the catenary. In the 
case in hand the catenary will be very close to theparabola, 
which gives the following relations:- 
L*w
H =  ---------
8 f
H =  Tension in cable at ends;
L =  Length of span in feet ;
/
w = 7/eight per foot of wire;
i —  The central deflection in feet or sag in feet.
The strength of conductors is determined by use of this formula 
on given spans .
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Calculation of strength of # I wire .
Diameter =  0.2893 inches .
Area —  83,690 c.m. or 0.0656 sq. inch.
Weight =  0.25288 lbs. per liner foot.
Elastic Limit =  2?295 lbs. or 35,000 lbs. per sq. in.
Wind Pressure =  18 lbs. per sq. ft. ( counting diameter 
into length as the exposed area ) .
Taking the weight of ice as 0.0332 lbs. per cub. inch the 
weight per foot of 0.5 inch coat of ice on the wire is
0.0332 x 12 x J  [ ( 1.2893 f - ( 0.2893 / ] = 0.489 lbs.
Therefore the total weight of ice and wire and the v/ind pressure 
on the wire with its ice covering would be, respectively 
0.25288 + 0.489 =  0.742 lbs. per foot .
1.289 x 12 X 18 / 144 =  1.935 lbs.
But these weights act at right angle to each other , and there­
fore the resultant force acting on the wire is,
w —  y 0.7422+ 1.935" =  2.07 lbs. per lin. ft.
The permissible strain in the wire , if taken at 2/3 of the 
elastic limit , would be
2/3 x 2,295 =  1,530 lbs.
Tabulating the data given above , together with the quantities 
to be determined ,
1 =  length of span —  250 feet . 
f =  sag at minimum temperature ( -20° E ) 
f, =  sag at higher temperature
H =  tension at lowest point of wire at minimumtemperature 
1,530 lbs.
=  tension at lowest point of wire at higher tempature. 
w =  resultant weight = 2.07 lbs. per lin. ft.
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L =  length of wire in span at minimum temperature .
j =  length of wire at higher temperature.
T =  temperature range ( 130* P ).
a =  coefficient of linear expansion for copper =  
0.00000956 .
Prom the equation , we have the sag at minimum temperature to
be
lzw 250* x 2.07
f —  ---- =  ----------  =10.5 feet.
8 H 8 x 1,530
8f* 8 ( 10.5 )Z
L =  1 + --  =  250 + ----------  = 251.72 feet
31 3 x 250
t 31L 
f + ---
8
H
a T ---- )
AS J
31LfHw------ -* ^  o
8 AEw
When the ice coating disappears the pressure on the wire 
due to wind is
0.289 x 12 x 18 / 144 —  0.434 lbs. per lin. ft. 
The total weight therefore
W(j=- y 0.2529* + 0.434* =  0.501 lbs. per lin.ft. 
Substituting these values
f*- 104.88 f, - 86.9 =  0 
f,= 10.65 feet
The tension in the wire when both temperature and wind reach a 
maximum
lw, 25cT x  0.501
H =  --  =  ------------  =  367 lbs.
8f 8 x 10.65 '
H - H -  1,530 - 367 =  1,163 lbs.
8 ( 10.65 f
L - I + -2±- =  250 + -----------= 251.2 feet
31 3 x 250
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Calculation of strength of No 2, B. & S.
With using the same formula the No. 2 B. & •S, is calculated. 
This result is taburated as below :-
Diameter =  0.2576 inch.
Area =  66,370 c. m. or 0.0521
Weight —  0.20054 lbs. per lin. ft.
w = 1.975 lbs. per lin. ft.
1 = 210 feet
f = 8.5 feet
I = 210.92 feet
H = 1215 lbs.
w, = 0.435 lbs. per lin. ft.
f —i 8.64 feet
TT == » 314 lbs.
H - II. —  901 lbs.
Supporting pole .
The transmission line runs through the forest district in 
Washington , where wooden poles may be obtained very cheaply 
and without transportation . Therefore for this reason
and ease of erection the wooden pole is chosen , except 4- 
steel towers which are to be used at two points , where the
transmission lines cross the Columbia River.
Strength of wooden pole .
The strain acting on a pole tending to pull it over at 
the top is the most important one to be considered'.
In calculation of sag , we have obtained the maximum tension 
of wire that can act on the pole . This value for # I wire
of 250 ft. span is 1,530 lbs. per wire . The forcesthen 
acting on the pole are- shown on the diagram below .
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1 *■=• hight of pole from ground 
to the arm 35.67 ft.
1 —  hight of pole from ground 
r to the top 40 ft.
h —  2.5 ft.
Taking the moment to these 
forces .
M =  (l530 x 40 + 3060 x 35.67)x 12 
= 2,0420,000 in.lbs.
Assuming the strength of wood 
with 10 -factor- of safety 
800 lbs. per sq. in. *  S 
Then
M h
S =  ----
I
5ide E loo
I = The moment inertia . 
Where I in this case ;
I =  i'-h A h l
I/=  moment inertia of the pole section
A =  area of the pole section in sq. in.
d =  diameter of the pole in inches.
Then tt d4- 7t d*-
I =  2 x ---  + 2 (-- x h )
64 4
7rd* .
Where 2 --- is negligibly small compared with A h and
64
therefore mayi»ommitted.
170,400 x 12 x 2.5 x 12 v
800= --- — ----- --------------
TT d /  4 x(2.5 x 12 ) x 2
Solving for d ; d =  ]/60.4 =  7.8 in. dia.
The detail of pole construction will be seen on the 
plate no. ZZ . Where only wooden pole for double circuit
f ’/.ATE /yo . 2 Z
fJooden Foie, -for High Tens/on 
Trans nu ssi on '.
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line of 250 feet span is shown ( high tension ) , but for 
single circuit the construction is exactly the same , except 
where only one pair pole is used instead of double pair of 
poles . The pole for 210 feet span is constructed
practically the same as the 250 feet span's . The
differences are indicated in the part of the estimation of 
cost of transmission line , at the end of this book . ■
Kind of wood .
Pine is used in the pole line constructions , although 
this tree has the disadvantage of a short life and inferior 
strength . But this tree is chosen owing to its cheapness 
in first cost .
Cross arm .
The cross arms are made of first class v/ood , such as 
chestnut , white oak or ceder. The standard sizes are to be
used on the poles as following
« M / ftFor high tension double circuits 6 x 4.5 x 18-0.
” ” ” single circuits 6*x 3.25 x
" low tension double circuits 6"x x IO'-O"
Insulator .
The prime requirement for the insutator is a high insulat­
ing quality and it must also posess mechanical strength .
For this reason porcelain insulators are used .
The insulator for high tension line is shown on plate no. 
Insulator pin .
The insulator pin to' be used in the transmission 
line is an. iron bolt with a wooden top which screv/s into the 
insulator , and is provided with a porcelain base, so as to 
avoid burning out of the pin.
PLATS ffo.
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Section switches .
Section switches are located near Daley and near Under 
wood , ( See , Plate Uo. 18 )so that , in cases , defective 
sections may he easily cut out and hy passed.
PL fire:/vo.
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PART 4
Electrical Equipment.
From the study on the transmission system , and the power 
demand at the markets , we have all necessary data and required 
items for the determination of electricl equipment on the power 
plant .
Transformer .
General Consideration .
In the foregoing part we have chosen 3 phase, 33,000 volts 
for the high tension and 3 phase, 6,600 volts -for the low- 
tension of the transmission system. In order to reduce
these voltage to a reasonable voltage on dynamos at the plant, 
step up transformers are used at the plant on the beginning of 
the out-going transmission lines.
The main reasons -for reducing the line voltages at
the plant are
1 By using trasformers reduce danger at the plant.
2 Reduce the cost of switch board.
3 Reduce the price of dynamo.
Type of transformer.
Due to abundance of water at the station , oil insalated, 
water cooled transformers are chosen.
Regulation of the transformer .
The regulation of a transformer depends largely upon the 
resistance drop, and the inductive drop within it . The
former is fixed by the amount of copper loss at full load, the 
latter by the number of turns in the winding and the relative 
position of the coils and the spacing between them. jn
large transfomers for long distance transmission , close
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regulation is very important . The regulation curve will
he seen on Plate No. £-5".
Efficiency .
The efficiency of transformer depends upon the losses, 
which are of two kinds, iron loss and copper loss. The 
iron loss is due to magnetic reversals in the iron. The 
copper losses result from the passage of current through the 
conductor. The efficiency curve of the transformers are 
plotted on the plate no .2-5", of which the size of transformer 
required is determined.
Determination of Unit of transformer.
jfrr©mt a study of the load curve ( Plate No. 2. ), and the calculat­
ed results of transmission line ( Plate No.zo&z-' ), the follow­
ing units are recommended.
For the high tension lines.
3 Units, 3 phase, 1,000 K. V. A., 25 ^  ,
33,000 to 2,200 volts, W. C. , O.I., transformers.
The two of these units would he in service for daily load, 
and during the winter peak load these two transformers may 
he operated under over load for about two hours. One unit 
is therefore , installed as emergency unit.
For the low tension line.
I Unit, 3 phase, 200 K. V. A., 25 — ' ,
Voltages ratio; 6,600 to 2,200 , W.C., O.I., Transformer.
This unit takes care the load on the section no.3.
/
Alternator.
Given items .
From the foregoing parts the fixed items for alternator
are: -
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Voltage 2,200.
Phase 3
Frequency 25.
The reason of which we have chosen this frequency is 
omitted on the foregoing part, therefore , it might be worth 
while to explain this matter.
The most common frequencies used are 25 and 60, which one 
is used depends chiefly on the character of service. In this
plant the lower frequency is chosen , because the principal
■
service of this plant is for power purposes;where synchronous 
machines, such as rotary convertors, give more trouble on 60 
cycle.
Type of Alternator.
The revolving field alternator is selected, for the 
following reasons.
1 The method of construction facilitates the insulation 
of the armature winding.
2 Requires that field current instead of the armature 
current pass through the collector rings and brushes.
3 Cheaper than induction machine.
Selection of unit of machines. .
With the same reasons that we have considered in the 
selection of transformer capacities^ 3 units of alternators 
of 1,000 K. W. are chosen .
Operation of the machines.
Av\ examination of load curve ( See, Plate No. 2. ) shows 
that the summer load runs about 9 months out of year and during 
these months 2 units of 1,000 K. W. machines would be 
operated in parallel for 13 hours daily , for the II hours
P L A T E  n o .  2 E>
^ E T E R r V A  T O P  
3  P h a s e  / j O O O  K W .
ZSO P.P.AV.
2, Z o o  VO/+S
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daily the one 1,000 K. ¥. machine would be run. One 1,000 
K. W. machine , during these months , would be a reserve machine 
and be used in case of the other machine broke down.
For winter when the demand of current is great , say for about 
3 months of each year , the 2*1,000 K.W. units would be in 
operation, over loaded for the peak load, and the one unit of 
I,ooo K.W. machine be reserve for case of emergency.
Exciter.
Mr. M. H. Hobart gives the following table for determinat­
ion of the size of exciter.
Excitation Power Required for Alternators.
f V c a  4 - < s c = J  
O vh  - F u f -  
K -  N  -
f O W e r  R e t i r e d  for Lxciic^hon F u l l  L oc\J(
5  Iop-j 5^p
r .F  - 1 r.F, r. f.=  1 r . F  =  0 .5
K .N % K N ( T . W . f . K . W %
S O O 2 o A 3 0.6 5- 1. 0 7 1.4-0
1 , 0 0 0 5" 0 . 5 7 7 0 . * ) 10 1.0 0
2,0 0  0 U 0. 4-5 1 3 o .k 5 11 o .K T 0. 7 ?
“^ O O O | 3 - o ,3 3 I S 0.4- 1 & 0 . 4 - 2 2 o , 5 S "
% p  0  0 1 & o . l 2 % 0. 1 %
Prom this table the following capacities of exciters are 
determined.
2 Units , 15 K.W. , 125 volts . D.C. Generaters.
750 R.P.M.
One of unit is to be used in case of emergency. Por their 
efficiencies , see plate no . 2 7 •
Z
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Switching and Controlling Apparatus.
The object of the switch board is to collect the generat­
ed current for the purpose of controlling, measuring and 
distributing the same.
In order to accomplish these purposes the following 
general features are considered for the selection of the switch 
board.
1 The apparatus and supports should be fire proof.
2 The conductors and contacts carrying current must be 
designed so that they will not over heat.
3 Allparts should be readily accessible.
4 Live parts, except those of low potential, should be 
kept from the front of the operating panels.
5 The arrangement of the circuits should be symmetrical 
and as simple as it is convenient to make them.
6 As far as possible, without too great complication of 
apparatus, it should be impossible to make a wrong 
connection that will cause serious results.
7 If there is a liability of the plant being extended, 
allowance should be made for the extention of the 
switch board.
8 Trouble in one section of the board should not be
communicated to the entire system.
i
9 All necessary instruments for operation and for re­
cording the output of the generators and feeders 
should be installed.
10 Protective apparatus should be ample.
These features in mind , the design of switching for this 
plant is planned.
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Switch Board.
The type used for this plant is the remote control panel 
type switch board. ( Plate No. 2 8 ).
Apparatus Required.
A.C. Generator Panel :
I Alternating current ammeter. ( with necessary trans­
formers and plugs to connect one ammeter to any phase) 
I Alternating current voltmeter. ( a voltmeter plug 
receptacle and plugging arrangement to utilize one 
voltmeter with several machines.)
3 Main generator switches and circuit breakers.
3 Pield discharge switches with resistances.
3 Rheostats for field of generators.
One set of apparatus for synchronizing , with necessary 
current and voltage transformers.
I Indicating wattmeter. ( with plugging arrangement.) 
Feeder Panel for Power Service.
Apparatus required for each circuit.
One ammeter .
One integrating wattmeter.
One automatic over load circuit-breaker.
Necessary current and potential transformers.
A.C. Totalizing Panel.
fOne integrating wattmeter ( high tension.)
One " w ( Low tension.)
One frequency meter.
One main voltmeter. ( high tension.)
One n n ( iow tension.)
Necessary current and voltage transformers.
PL GTE /Y 2 8 .
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D.C. Excitor Panel.
One voltmeter.
Two direct current ammeters.
Two three pole main switches.
Two rheostats.
Lighting Protection.
A lighting arrester is a device for protecting against 
interruption of service and distruction of the generating plant^ 
the line, and the other electrical apparatus by sudden excessive 
potential discharges. The excessive potential discharges
may he due to the followings.
1 Lightning striking the line
2 Any atomospheric, electric disturbance.
3 Static discharges.
4 Resonance effect.
5 Surging produced by abnormal conditions in the line.
6 Break in insulators.
Principle of arrester.
In general , a lightning arrester is made up of three 
elements;
1 An air gap.
2 A current limiting element.
3 An arc suppressing device.
For this plant the electrolytic lightning arrester is chosen.
The general appearances and dimensions ace shown on the plate 
N o s .21 & 3 0 .
For main high tension lines
Two 3 phase A.C. 33,000 volts arresters.
PLATE WO. Z9.
L./GHTN iNG
f > L f i T £  /V O . j o .
Cast Iron 
Bottom
OH
Welded Steel Tank 
Contact 
Top Clamp
Aluminum 
in Section.
Wooden Guides
Aluminum 
Complete.
Spacers
Electrolyte
Bottom  Clamp
Top Clamp
Treated Wood Tie 
Outside Tray
Center Hole for Oil Circulation4
S e c t i o n  A - A
Aluminum Tray
Wooden
Guide
C.t Base
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For low tension line
One 3 phase A.C. 6,600 volts arrester.
For D.C. excitors ; two 150 volts arresters.
For the transmission line lightning rod is placed every two 
miles. Its dimension is shown as below.
r r a n e je m c r ?  4 o 4rt m c j .
The general arrangement of the station wiring is shown 
diagrammatically on plate no. 31.
?
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*
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PART 5 .
Mechanical Equipment.
Turbines.
General requirements for turbines.
Before the turbine units can be determined the following 
requirements for a good water turbine must be considered.
1 Turbine should occupy a -small space.
2 It should be connected to the generator without gear­
ing and with a consequent saving in power.
3 Its efficiency should be high.
4 Should permit variation in speed without material 
change in efficiency.
5 It should be utilized under any head or fall of water.
6 It should be readily protected from ice interference. 
Determination of Units.
The water wheel as a rule , is rated at its maximum out­
put, therefore in order to drive the generator at over load, 
the capacity of turbine is chosen 20 to 25 percent greater than 
the power required to drive its dynamo .
Therefore in this plant , we require the following sizes 
of turbines:-
3- Units 1676 H.P. 250 R.P.M.
2- Units 25 H.P. 750 R.P.M. ( for excitors).
Relation of speed to diameter and head.
We have found the required power of turbines . And 
the speed of the turbines are given , which are fixed by the 
generator's rotation. There are several water wheel
factories in the United States and each factory , wheel is 
only suited for a particular head, power, and speed.
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Professor D.W. Mead made a table showing relation of speed and 
power of various American turbines working under catalogue 
conditions. By means of his table , we may easily select 
the best wheel in this particular plant. In order to apply
his table , we must find out a constant K, which is drived as 
below
n*P
K =  Coefficient of relation of turbine power and speed 
( specific speed )
n =  Number revolution per minute ,
P =  Horse powers of turbine at any given head.
h =  Effective head at the wheel.
Applying our given values in this equation;
Por generator turbine
250Xx 1676K =  --- ------
120 %€
For exciter turbine
750*x 25
K =  ----- %T~120 ■
=  605
89.5
Having the value of K , from the table , it is found that
the Dayton Grove Iron Work's , New America ( high speed type )
wheel has practically this value of K of 1676 H.P. unit.
Por excitor's turbine the Plat Water Wheel Co’s wheel ( Victor
Francis type) has a close value of the K. Therefore
these wheels are selected for this particular service.
Determination of the diameter of wheel.
Prom prof. Mead's table K( constant relation of turbinez
diameter to power ) for the Dayton Globe wheel is found to be
1
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0.0005 , and for the Plat Water Y/heel Co*s wheel K^is about 
0.0002. Then the relation of turbine diameter to
power may be expressed as below ;
D =*
I) =  Diameter of turbine in inches 
Substituting the value in this equation; 
Por 1676 H.P. turbine ,
T676
D —
('0.0005 x 120
=  49.3 inches.
Consulting 
selected.
Por 25 H.P. turbine
the catalogue 48 inches diameter is
D=
25
=  9.75 inches
'0.0002 x 1320 
A diameter of 10 inches is selected for this unit ,
Draft tubes.
The turbines are equiped with draft tubes in order to 
secure additional head, which would otherwise be lost .
The length of draft tubes are constructed within the limit 
of following table . ( the- actual length of the draft tubes 
used for this plant majr be seen on plate no, +3 ,)
Hight of Draft Tubes and its relation
rrje-fc r  °  
P rofit- yfige/ //<r<=7<=/ ^Gcyf-
D;&mc,f-<*r- & f i  
/n  f e e , / -
tfr a r f /-/eaJ *'r* fir
3 2-<f. O f / ? .  O
L—r — —
-4- 2 1 - 0 & / y . o
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Regulation Device.
A Lombord Governer is connected to the penstock near the 
turbine, and can be set for any excess pressure desired.
This governor consists essentially of three parts The oil 
pump, the pressure and vacum tanks, and governing mechanism.
( See, Plate No. 4-2 .)
The Dayton Globe Iron Work’s High Speed Type ” New America " 
Turbine is shown on plate n o . 3 t .
PLATE /VO. 3Z
The JO At y rosy (j Lo v e  wetter Wl/eee
/6J6 HP. 2S"0.P P at. -4- 8 //yen a/ow. w w a
52
PART 6.
Water Conductor .
General Consideration.
In the design of the water conductor the following points 
are considered;
1 Method of regulating the water supply.
2 Methd of conducting the water to and from the power 
station.
3 The removal from the water supply of injurious float­
ing and suspended matter.
4 The means of controlling the water supply to the pen­
stocks or other forms of intake.
Penstocks.
The steel penstocks are connected to the flume line and 
their intake of water regulated by means of the autmatic cup 
valve at their upper ends. ( See , Plate No. 3*h. )
Prom the intake the penstocks run parallel to each other down 
to the power plant and are connected to their turbines.
Each penstock is interconnected at the power plant, with 
properly equipped valves, so that in case of emergency, the 
water of one penstock may feed other turbines.
Calculation of the losses in penstocks.
Penstocks for the 48 in. dia. turbine.
Quantity of water required to produce 1676 H.P. on the
turbine( See, page+g.) , and from the efficiency curve of the
/
turbine ( Plate No. 33.) , we have its efficiency at full load 
as 8 4 -f0 , but calls it 80 f0 , and Assuming the effective 
head as 120 feet, then
— Discharge of water of the turbine cub. ft./ sec .If let, Q,
I
Si
too
EFF/ciencr Cc/ficve 
T flH G E tlT /flL  HtiEFL  .
C£?f*cic,i'f-y 2  5  H f  
f f M .  7 50.
Uf'arn. o f  E/hecJ / o  tn cf^S
C?cr/-<2 O f>er*t
C(o5<r<J A ./o JL/o A- *-JO /o
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1676 x 550
0.8 x 62.5 x 120 153.6 cubic feet per second
Since
V = Q, *= V a
a
Wherej Velocity in ft. sec. 
a=Area in square ft.
Assuming the velocity in the lower part of the penstocks as 
10 feet per second, then the required area of the penstock ;
a as- 153.6 / 10 —  15.36 sq. ft.
Therefore 4 feet 6 inches pipe is used , then , the velocity 
will be 9.66 feet per second in this cross section.
6y the same procedure , the upper part of the penstock is 
found to be 5 feet diameter, and its velocity is 7.82 ft./ sec. 
The necessary data for the calculation for the loss is tabul­
ated below.
The losses are:-
I Entrance loss
h
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Loss of head in straight pipe.
, 1 v'h =  -------  ;
10000 r
For 5 feet dia. pipe;
50 x 7.82
— ---------  =  0.242 feet
10000 X I.125
For 4 feet 6 inches pipe;
100 x 9.66*
-------------  =E^  0.828 feet
10000 x I.125
3 Loss of head due to sudden contraction of pipe. 
r,VV 7.82
h —  K — —  =* 0.015 ---- = 0.0142 feet
2g 64.4
Total losses , therefore
0.908 + 0.242 + 0.828 + 0.014 1.992 feet.
The quantity of water required for 10 inch exciter wheels 
, / • 
are calculated below, where in these wheels one size of fsen^ fook.
is used.
50 x 550
Q, =- ------------ - =  4.6 cubic feet per second.
•8 x 62.5 x 120
The result of determined diameter of pipe and the velocity 
and its hydraulic radius is shown diagramma-tically as below.
P L A T E  /VO.
VJuroMfrnc Cup Va l v e  p / r  U p p e r . 
E n d  o f  p E N O ~ r o c p .
5ca/e^  “/-O'
5~0 f
ac,^ :
S~0 ' dic\ . .
r<?ctm  C 5 id &
4" J2> txhaots-f- .
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The loss of the head is.
1 Pipe line loss.
160 x 4.3
h' - .....======_ =  1.05 feet
10000 X 0.282
2 Entrance loss
-- z
t 4 .3
h =  0.956 x -----  =  0.275 feet,
64.4
Total head losses is 1.05 + 0.275 —  1.325 feet.
The arrangement of the penstocks at their intake and at the power 
plant will he seen on plate nos.3 4 -& 4-3 .
/ v
The intake of the penstocks.
The intakes of the penstocks is located right above the 
power plant and are equipped with automatic regulating device 
fo r water supply to the penstocks and also an exhaust valve 
fo r  waste water.
In order to compensate the lost head due to flood , an 
allowance of a loss of 3 feet is provided at the tank of this 
intake. ( See, Plate No.34-.)
Strength of the. penstocks.
In calculating the thickness of the penstock shell , the 
following formula is used:-
t =  thickness of shell in inches.
P =  pressure in pound,per square inch, 
r =  interdiameter in radius in inches.
T —  tensile strength =  60,000 lbs.,/ sq. in.
s =  factor of safety =  4
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t '= allowance for water hammer in pound per square inch.
(P + Pr>  s 
t = --- - ------
T
The calculated data and selected dimensions are tabulated as 
below ;
Diamef-er r p
/
r H ead
\o-t-a i
f*re5su r®/
TTiicIrnc^s U5"e^ d TKicl- 
Inoii.
5 -  0 ° 3 0 iff i 10 * ? .l ■mt " U V
V -  y *7 n - i lo i ? 1 7.3.7 zz3
I ' - 2" 7 r 3 . r) 1 1 o m i 1 fc 3. 7 ■if if %l
Plume.
A wooden flume is chosen , owing to its cheapness in first 
cost , simplicity in construction, and future extention of 
the same.
The quantity of water which is to pass through .the flume 
is designed to operate the two 1,000 K.W. generators at their 
25 fo over loaded conditions , that is , to drive the fullload 
capacities 2- 1,676 H.P, water turbines. The quantity of
water to be carried by the flume is ;
Por I’ 2W penstocks 4.6 cub.ft. per sec.
Por 5' 0" penstocks 2 x 153.6 =  307.2 cub.ft. per sec. 
Total quantity =  3II.8 cubic feet per second.
Determination of the cross section of the flume.
Given items. /
Total length of the flume line = 9,200 feet 
Slope=• I ft. per 1,000 feet.
Let assume the velocity is 8 feet per second.
Area =  3II.8 / 8 = 3 9  sq. ft.
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Assuming again a cross section of the flume as 
7 x 5.6 39 sq. ft.
Let p —  wetted perimeter
r =  hydraulic radius 
In this case, p =^7 + II.2 18.2 ft.
r =  2.155 ; n **= 0.01.
Prom Kutter’s formula , coefficient c is found to he 172
=fi
V =  I72j^ 2.155 x 0.001 =  8 ft. per second.
Therefore the assumption is correct , and the above .dimensions 
are to be used. The detail of the flume construction is shown 
plate no. 35 .
Head gate.
•The head gate is located, so as to overcome the flood water? 
the location is indicated on plate no.IS’.
Racks are placed at the entrance of headrace, in order 
to keep the heavy floating material out. The racks are made 
of 3.5 by 0.5 inches bars, bolted together with separators.
At the end of the open channel a spillway is provided so 
as to discharge the waste water directry into the stream.
The detail of the construction is shown on plate new.3 6  
Open Channel.
A 2,100 feet long open channel is constructed from the 
dam inlet to the head gate.
As seen from the hydrograph ( See, Plate Ho. 1 7 .), there 
is ample water in this stream , therefore, an extension of 
the plant in the near future may be anticipated, with increase 
of power demand at the markets. For this reason, the
open channel is excavated, so that 3 - 1 , 0 0 0 K.W. generators
to<0
?
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be operated under 25 fo over loaded conditions.
Then the quantity of water to he carried by the channel * /
Q, =  312 + 153.6 =  466. cub. ft. per second.
The slope of the channel is I foot per 1,000 feet.
A coefficient of n for rock channel is assumed 0.02 .
Assume the velocity as 5.12 ft. per second.
The sectional area of the channel is then 
466
a =  -----  =  91 sq. ft.
5.12
The section is assumed as 7 x I37, then the hydraulic radius 
for this section is found to be 3.37, and Kutter’s coefficient 
c is 89.9 .
V =  89.9 ^ 3.37 x 0.001 =  5.2 ft./ sec.
Therefore the assumption is close enough. The dam inlet
and the cross section of channel is shown on plate no.33. 
Hydraulic Gradient.
In order to show the loss head due to the hydraulic 
development, a hydraulic gradient is drawn on plate no. 39. 
From this graph the general scheme of the arrangement of the 
water conductors will also be seen.
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PART 7.
Dam .
Object of dam construction.
The dam is constructed with the object of obstructing the 
flow and elevating the surface of water.
The dam construction.
It is decided to built a gravity dam using mass concrete, 
because of the cheapness of material and ease/of building.’
The external forces acting on a masonry dam are the water 
pressure , the weight masonry , the reaction of the foundation, 
ice and wave pressure near the top, wind pressure, and back 
pressure of the water on the down stream side. It, however
in this dam receives the greatest strain when it is submerged 
under the flood water. Prom the cross section of
the site of dam and the discharge curve at that section the 
expected hight of over flow above the crest of dam is determin­
ed. ( SEE, Plate No. 4-0.) And the stability of
the dam under this condition is calculated as below.
Stability against over turning.
The location of the dam site is indicated on plate no. 1.5".
Prom the calculation and 
design of the water conductor 
We have found that the hight 
of dam should be erected 
16 feet.
Let ,
P = total pressure 
P /=  back water pressure.
=  Pront water pressure.
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w =  weight of water per cub. ft.
Then ; P =  v"- p'
2 -- LWhere , w ( h - h ) 62.5 x 16
P =  ----  t----------  =  — .....=  8000 lbs.
2 2
w h + w h
P =  --------- -*( h - h ,) 62.5 x ( 21.6 + 37.6
2 * ~  ------------ -------- x 16
2
=  29,600 lbs.
P =  29,600 - 8,000 —  21,600 lbs.
The cross section of dam is assumed , from which the weight of 
dam is found.
118.55 x 150 =  17,800 lbs per ft.
Let , X =  distance where resultant forces acting from the
vertical line of center of gravity.
21,600 : : 17,800 = X : : 16/3 
21,600 x 5.33
X ----- — --- - 6.46 feet.
17,800
Therefore the distance from the turning point to the point of 
resultant force acting is 6.46 + 3.49 9.95 feet,
therfore the assumption fulfills the requirement of the 
stability of over turning.
Stability against sliding effect.
The dam is constructed upon the rock foundation which 
should be prepared as shown on plate no.41 , before concrete 
work begun. The horizontal pressure of water tends
to slide the dam down streastward, which is assumed to be 
resisted by the vertical fa ce of the rock pivot.
The area of pivot is assumed to be 3 square feet.
Pressure on the face is 21^600/3 and about 3.5 ton per square
PLQTErto. 4-/
5<ra/e ’/A- /  -O
/
C/?o75 Sscr/on o f  Offv ity  fan.
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foot, while the allowable crushing strength of lava may he 
taken as high as 4 tons. Therefore the dam is safe
from the sliding.
The resisting strength of the dam at its base against the shear­
ing off tendency is 15 x I x T2~^x 600 ~ 1,295,000 lbs.
This is far beyond the actual force which might act.
Remark.
Looking to future extension , the hight of dam is 1.7 ft. 
higher than required by the calculations.
62
PART 8
Power Plant .
Location .
The power plant is located along the river side about 
1.5 miles from the mouth of the White Salmon River, and close 
to the public road which runs from Underwood, a station on 
the Union Pacific R. R., to Husum. In connection with the
head and tail race, and selection of the site for the power 
house, the character of soil is considered and it is found that 
the proposed site consists of a natural rock.
Building.
The plant is designed for a capacity 3,000 K.W., and 1,000 
K.W. additional extension can be taken care of by a little 
additional expenditure. It is equipped with three New
Amercan turbines of horizontal type which are mounted on shafts 
coupled to the generators and supplied by closed penstocks.
Two exciter units are directly connected to the high speed 
Platt Victor Prancis type turbines.
All materials used in the construction of the power plant are 
fire proof . Roof trusses and columns are steel and
the roofing is made of cinder concrete. A 30 tons crane
runs through the generating room, which is mounted on the steel 
girder. Walls are entirely made from brick. Ploor
is built of concrete having granolithic finish of dark color,
to render drips of oil inconspicuous./
Foundations are made of 1 ; 3 ; 6 concrete.
Doors are placed near the transformer room and exciters, through 
which material is received directly from the rail road car.
The size of windows is large to give abundant light for
PLATE /V0 4-Z
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generating and switching rooms.
\
To provide for an emergency, in case of a shut down, both 
generating and switching rooms are provided with a duplicate 
system of wiring for the lighting.
Plate No.+3 shows the general arrangement of the plant , and 
plate No.IS", shows the location of the power plant.
The view of proposed installation of the turbine , governor 
and generator is shown on plate no,^2.
PLrfTt. HO 4 3 .
(Ee/yem  P rrrn & errm  r  or 
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PABT 9.
Financial Consideration.
An estimation for the first cost , and annual operating expenses 
for this development is going to be considered in this part.
And from this estimation the minimum cost of power that can 
be sold to the customers is calculated. These results
are tabulated on the following pages.
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Cost of building.
# %%630 bl. cement ® 2 . 0 0 5,260.
IIIO bl. sand @ .60 6 6 6.
2,320 cub. yard. gravel © .55 1,276.
2,388 " " concrete setting @ .80 1,910.
410,000 brick per M. @ 9.00 3,690.
ft " labor » W @ 6 .0 0 2,460.
6,210 sq. ft. window frame per sq. ft. @ .80 1,920.
490 " " door »* ** .20 98.
17,600 lbs. steel roof truss per lbs. @ .04 704.
7,000 " steel columns " " © .04 280.
I- 26 step stair 3 ' per step @ 1.75 39.
I- 26 » n 4 » " " @ 1.75 45.5
43 ft. railing ( pipe ) per ft. @ I . 00 43.
2 1 2 ft. crane runway per ft. @ 1.60 339.2
46 " crane girder 320.
30 tons crane Motors 250.
1334 sq. ft. 2 nd. floor flooring, per ft.@»35 466.9
Erection of roof trusses & columns 265.
Total cost of building $ 21,150.
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Cost of Swtch Board. 3.
I generator pannel 150
15 oil switch <® 60. 900
I synchroscope •oLO 50
3 field dischage switch with rheostat 18
I A.C. ammeter @  25. 25
I A.C. voltmeter @  25. 25
3 rheostat for generator field 45
3 set of apparatus for voltage transformer , current 
transformer and plugging 90.
3 main generator switches and circuit
breakers 1 2 0 .
3 feeder pannel 400.
3 A.C. ammeter <® 25. 75.
3 integrating wattmeter (§> 60. 180.
3 A.C. voltmeter (g. 25. 75.
3 set of aut. circuit breaker. 120.
3 set of apparatus for current and volt
transformer 90.
I totalizing pannel 150.
I integrating wattmeter ( high tension ) 40.
I n ( low tension ) 40.
I frequencymeter 40.
I main voltmeter ( high tension ) 25.
I W 1, ( low tension ) 25.
Necessary current and volt transformer and
plug. 90.
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*I D.C. pannel 50.
I D.C. ammeter 16.
I D.C. voltmeter 16.
2 three pole switch 10.
2 rheostat 30.
2 lightning arrester 200.
I If n 80.
Bus bars 8c etc. 505.
Installation and wiring 1,300.
Total cost of switch board $ 5
I
,100.
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Cost of Penstocks.
3 70" dia, 50 ft. long, l/4 in. thick.®18. 2 ,700.
3 54" dia, 100 ft. long, 3/8 in. thick.@15. 4 ,500.
I 14" dia, 160 ft. long , 3/l6 in. thick.® 2. 320.
3 Automatic cup valve for 7o" dia pipe 5 ,000.
I " ft ft for 14" dia. pipe 800.
I set of exhaust pipe 150.
Valves at station 250.
Piping in station 200 x 2 dia. 400.
Foundation for penstocks' beds 
Labor erecting
Total cost of penstocks |
Cost of Head gate and Spillway.
I Gate 6' x 7* per sq. ft. ©  2.
I set of gearing and handle
Racks 13* x 8' per sq. ft. @  0.60
Labor setting
110 cub yard concrete work per cub. yard 5. 
Total cost of head gate and spillway
200 .
1,130.
15,450.
84.
2 0 .
62.4
83.6
550.
$ 800.
Cost of Plume Line.
%200 ft. long per linear ft. © I .
Setting
Total cost of flume line
Cost of Rock Excavation.
14,200 Cub. yard per cub. yard <S 3.
( channel and dam )
5,000 cub. yard per cub. 3^ ard ©  3.
___( station )
9,200
3,800.
13.000.
42,600.
15.000.
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Total cost of rock excavation $ 47
Cost of Dam and Inlet.
#400 cub. yard concrete per cub. yard.®5. 2
Total Cost of Water Conductor $ 78
Cost of Transmission Line.
Materials:-
$210 ton Copper line, per ton at $ 320. 67
317 Pole for 2-circuit 33,000 V. per set at 20. 6
476 " " 6,600 V. " " 8 .  3
1,473 " single circuit 33,000. V. " " 10. 10
Sf */317 cross arm 4.5 x 6 x 18* at 2.
476 " " 3"x 6" x 10' at $ 1.2
1473 " '• 3.25" x 6“ x 7' at $ I. I
I3ooo Insulator 33,000. V. at 0.55 7
13.000 " pin " " 0.35 4
Set of line materials for 6,600 V. I
Bolts and brace, etc. 2
80.000 ft. galv.wire for guy at 0.014 I
2 set of section switches and poles
Labor:-
Distributing poles at $ per mile 4
Excavation at $ 67. per mile 7
Lighting arrester ground at $ 20. per mile 2/
Distributing materials at $ 30. per mile 3
COst of Special Towers. ’( 200 ft. navigable 
4 Tower 20 ton per tower at $ 80. per ton 6
,300.
,000.
,550.
, 200 .
,340.
,803,
,473.
634.
572.
,473.
,150.
,550.
,361.
,500.
,1 2 0 .
150.
,815.
,169.
,140.
,210.
clear anre) 
,400.
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Labor for erection of special towers $ 500
Total cost of transmission line # 131,550.
Cost of Plant Complete.
$Building 21,150
3- 1,000 K.W. generator 36,000
3 - 1,676 H.P. water turbine with governer etc. 30,000
2 - 1 5  K.W. exciter 500
2 - 2 5  H.P. exciter turbine with regulator 350
3 - 1,000 K.V.A. transformer 24,000,
I - 200 K.V.A. " 1,800,
Switch board 5,100,
Transmission line 131,550,
Water conductor 78,550,
100 Acr e5)land at $ 80. per acre 8,000,
Engineering and superintendence^ 13,000,
Machine installation and wiring 3,000,
3840 K.V.A. Transformers for distribution of load. 30,000.
Total cost of plant complete $ 383,000.
Operating Expenses per annum .
Station :-
4 - laborersat $ 2. per day for 360days per year 2,880
I - man as manager 2,000
Transmission line
10 - line men at $ 720 per year 7,200
I clerk. per year at I ,000 1,000
Oil and waste 800
Repair to machinary and building 500
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$Incidental expenses 720.
Total operating expenses $ 14,600.
Finances.
Average load for 3 months is 1,205 K.W., and 28,920 K.W.Hr. per 
day for three months is 2,602,800 K.W.Hr.
Average load for 9 months 1,060 K.W. and for nine months is
‘ ' 'L-t
6,868,800 K.W.Hr. Total K.W.Hr. per annum ( 360 days.)
would "be 9,471,600 K.W.Hr.
Expenditures
Capital required for the development $ 383,000.
Interest on investment at 2 2 - ,9 8 0 .
Taxes on real estate building etc.. 820.
Depreciation on building at I / 260.
tf ff water wheel at 3 f0 900.
ff ff generators " u 1,080.
ft ff pole at 10 5,000.
ft tf line at 3 2,100.
ff ft other electrical equip, at 3 f 100.
ft ft penstocks at 3 / 460.
ff ft water conductor at 10 f 1,300.
( wooden flume )
I ftf tf other water conductors at 500.( dam & channel ) ^ff ff transformer at *z c fO Jo 1650.
Total fixed charge # 37, 150.
Operating expenses 14,600.
Total cost per annum $ 47,050.
5175000Min. selling charge per K.V/.Hr. = -------  =  o.5^6 cents
9471600
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Conclusion.
As seen from the foregoing estimations, and calculations, 
according to this design, the selling charge of K.YiT.Hr. would 
he about 0.55cent. Therefore this plant would be
a profitable undertaking. Farther more as mentioned
in foregoing parts the plant may be extended 1,000 K.W. unit 
with a little expenditure with expansion of demand of market. 
Consequently the investment for this undertaking is considered 
a financial success.
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